We compare the fluorescence properties of bisbenzimide (also known as Hoechst 33258) bound to the minor groove of the poly[d(AT)]jpoly[d(AT)] duplex with the corresponding fluorescence properties of bisbenzimide dissolved in neat organic solvents and mixed organic/aqueous solvents. Based on these comparisons, we conclude that the minor groove of the bisbenzimide-poly[d(AT)]poly[d(AT)] complex is quite nonpolar and exhibits a local dielectric constant of -20 D. We discuss how this insight influences our understanding of the molecular forces that dictate and control the binding affinities and specificities of minor groove-directed DNA binding ligands.
The molecular forces that dictate and control the affinities and the Specificities of DNA binding ligands are modulated by the microenvironments in which they are expressed. For example, salt bridges and hydrogen bonds are more favorable in low dielectric environments, while hydrophobic forces generally are enhanced in high dielectric environments.
Consedhently, the microenvironments within drug-DNA compldxbs must be characterized before one can define the relative contributions that specific molecular interactions make to the DNA binding of a particular class of ligands.
A bNA microenvironment of particular interest is the minor groove of B-form duplexes, since an important class of nbnintercalating ligands binds to this DNA domain. These nonintercalating ligands have been studied as models for protein-DNA and drug-DNA recognition patterns and as sequence-specific delivery systems for affinity cleaving reagents. However, before one can assess the relative contribution that each ligand-DNA interaction makes to the binding affinity and specificity of a nonintercalating ligand, the local environment within the minor groove of the drug-DNA complex must be characterized. To this end, we have used bisbenzimide as a probe of the microenvironment within the minor groove of a drug-DNA complex. This ligand is ideally suited for this purpose since it is highly fluorescent and it selectively binds to AT regions in the minor groove of B-form DNA with a high binding constant, thereby precluding complications from the fluorescence of the unbound state.
In this paper, we compare the fluorescence properties of bisbenzimide in its DNA-bound state with the corresponding properties of the free ligand in neat organic solvents and mixed organic/aqueous solvents. Based on these comparisons, we are able to characterize qualitatively the minor groove microenvironment in which the bisbenzimide-DNA interactions are expressed.
EXPERIMENTAL PROCEDURES Materials. Bisbenzimide was obtained from Aldrich Chemical and was used without further purification. The structure ofthis drug is shown in Fig. 1 (4, 5) .
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Fig. 3 show that we do in fact observe such a linear relationship. Consequently, we conclude that general rather than specific solvent effects are operative in the neat solvent systems studied here. It should be noted that each data point in Fig. 3 is labeled with a designation that reflects the solvent composition. Specifically, C1 corresponds to methanol, C2 to ethanol, C3 to 1-propanol, C4 to 1-butanol, and CS to 1-pentanol.
Mixed solvents. We used dioxane/water mixed solvent Using the data listed in Tables 1 and 2 tween these two parameters is illustrated in Fig. 4 . Later in this paper, we will use this plot to interpolate a dielectric constant value from a given orientation polarity.
The Influence of Ionic Strength on Bisbenzimide Fluorescence. We used NaCl to change the ionic strength of bisbenzimide solutions at constant pH (7.0). For aqueous drug solutions containing between 0 and 6 M NaCl, we measured the difference between the emission and excitation wavelengths. The results of these measurements are presented in Fig. 5 as a plot of the Stokes' shift, A/i, versus the sodium ion concentration. The significant observation is that the Stokes' shift of bisbenzimide is independent of the sodium ion concentration. Consequently, any binding-induced differences in Stokes' shifts that we measure will not artifactually result from ionic strength differences between the bulk solvent and the DNA binding site.
The Influence of pH on the Stokes' Shift. We also evaluated the influence of pH on the fluorescent properties of bisbenzimide in 10 mM phosphate buffer solvents at constant ionic strength. This control is useful since it is difficult to determine exact pH values for organic/aqueous mixed solvents. Consequently, we measured the excitation and emission spectra of bisbenzimide over the pH range from 3.0 to just under 7.5. We focussed on this pH range since the organic/aqueous mixed solvents used here generally exhibited pH values below neutrality (=5). Biochemistry: Jin and Breslauer drug-DNA complex rather than the minor groove of the drug-free duplex.
In Tables 1 and 2 , we list the fluorescence properties of bisbenzimide dissolved in the neat and the mixed solvent systems used as reference media in this work. In the last row of each table, we also list the corresponding spectral data we have measured for the fluorescence of bisbenzimide bound to the minor groove of the poly
Comparisons between the Stokes' shifts of the free and the duplex-bound bisbenzimide suggest that the minor groove of the poly[d(AT)]-poly[d(AT)]-bisbenzimide complex possesses a microenvironment that is more "organic" than aqueous in nature.
In a previous section, we showed that bisbenzimide in solution exhibits a Stokes' shift that correlates with bulk solvent properties (the orientation polarity) in a manner that is consistent with a general solvent effect. Assuming that this correlation also holds for bisbenzimide bound to DNA, then we can use the Stokes' shift of the DNA-bound ligand as a measure of the local environment within the minor groove of We realize that our analysis is approximate since it does not take into account the influence of molecular rigidity and specific bisbenzimide-DNA interactions on the fluorescence properties of the DNA-bound ligand. However, for the reasons noted below, we believe that the latter two effects on the Stokes' shift of bisbenzimide are minor compared with the dominating influence of the orientation polarity of the microenvironment. With regard to molecular rigidity, a comparison between the optical properties of a fluorescent ligand free in solution and covalently linked to a synthetic polymer suggest that molecular rigidity exhibits little, if any, effect on the Stokes' shift of the bound fluorophore (9, 10) . With regard to the influence of specific interactions on the Stokes' shift, it should be noted that the neat alcohols and the 1,4-dioxane/aqueous mixed solvents have the potential for different bisbenzimide-solvent interactions. Nevertheless, inspection of the plots in Fig. 3 reveals that the Stokes' shifts of bisbenzimide dissolved in the neat and the mixed solvent systems exhibit similar dependences on the orientation polarity (e.g., the two lines in Fig. 3 
